ABSTRACT -We report a female child with tetrasomy of the 15q11-q13 chromosomal region, and autistic disorder associated with mental retardation, developmental problems and behavioral disorders. Combining classical and molecular cytogenetic approaches by fluorescence in situ hybridization technique, the karyotype was demonstrated as 47,XX,+mar.ish der(15)(D15Z1++,D15S11++,GABRB3++,PML-). Duplication of the 15q proximal segment represents the most consistent chromosomal abnormality reported in association with autism. The contribution of the GABA receptor subunit genes, and other genes mapped to this region, to the clinical symptoms of the disease is discussed.
1
. The reported population prevalence ranges from 1 in 1,000 2 to 1 in 10,000 live births 1 , this large range probably being due to inaccurate data collection based on Kanner's description of this syndrome. The diagnosis of autism is based upon a number of behavioral criteria including abnormal social behavior, language and cognitive development 3 . Similar to most behavioral syndromes, autism is etiologically heterogeneous and has been associated with a diverse set of infectious diseases such as rubella embryopathy and herpes encephalitis, or genetic conditions such as phenylketonuria, tuberous sclerosis, and fragile X syndrome 1 . However, trisomy or tetrasomy of the 15q11-q13 region has also been reported in some autistic patients with varying degrees of mental retardation [4] [5] [6] [7] [8] [9] [10] [11] [12] . Abnormalities involving this chromosomal region are commonly identified in association to Prader-Willi syndrome (PWS) and Angelman syndrome (AS), usually as chromosomal deletion. Additional copies of this chromosomal segment are less frequently depicted and have been found in distinct phenotypes, including autistic disorder, a few PWS and AS cases 5, 13 , and even apparently normal individuals 5, 6, 14 . This report describes a female patient with autis-tic disorder whose karyotype displayed an extra chromosome, identified by the fluorescence in situ hybridization technique as a der(15) with a duplication of 15q11-q13. This case report reinforces the hypothesis that additional copies of this chromosomal segment may be causally related to autism.
METHOD

Case
The patient was a female, born at full term in 1988 by normal delivery, with a birth weight of 2,650 g and a body length of 46 cm. The 29-year-old mother and the 30-yearold father were non-consanguineous and reported a previous first trimester spontaneous abortion. At 4 years of age, the patient presented with developmental delay, mental retardation, hyperactivity, poor motor coordination, stereotyped movements, anti-social behavior, abnormal language skills, and inability to maintain social approaches. She was diagnosed as having infantile autism (DSM-IIIR) 15 , and a multiprofessional therapy was initiated which resulted in pronounced improvement in the clinical picture. Physical examination at 8 years of age revealed hyperlaxity of joints, hypotonia, dolichocephaly, prominent occiput, malformed auricles, bilateral epicanthal folds, downslanting palpebral fissures, strabismus, high-arched palate, micrognathia, kyphoscoliosis, pectus excavatum, and bilateral fifth finger clinodactyly. Brain tomography, X-ray, and nuclear magnetic resonance evaluations were all normal. At that time, the diagnosis of autistic disorder (DSM-IV) 3 was established.
Cytogenetic studies
Peripheral blood lymphocytes from the patient and her parents were cultured using PHA stimulated procedure, harvested and GTG banded following standard protocols. To confirm the origin of the marker chromosome that was found, dual target, single color fluorescence in situ hybridization (FISH) assays were performed. Slides were washed 1 min in 70% acetic acid, rinsed in PBS, digested at 37 o C in RNase A (100 µg/ml in 2xSSC) for one h and in pepsin (0.01% in 0.01M HCl) for 5 min. Slides were then fixed in formaldehyde (1% in PBS) at 37 
Fig 2. Metaphases hybridized with D15Z1 (A) and partial metaphases hybridized with D15S11/PML (B) and GABRB3 (C). Two normal copies of chromosome 15 displayed the expected centromeric signals and signals mapped at q11-13 and q21-22. The der(15) has two copies of the centromeric signal and a duplicated signal for D15S11 and GABRB3, suggesting tetrasomy 15q11-q13.
and GABRB3 are mapped at 15q11-q13 16 , and PML is mapped at 15q21-22. All probes were labeled with digoxigenin, prepared following the manufacturer's instructions, and applied to selected areas of the slides. These areas were covered with glass coverslips, sealed with rubber cement and placed in a humidity chamber at 37°C where hybridization was allowed to occur for 20 h, after which the slides were washed in 2xSSC at 72 o C for 5 min. Probe D15Z1 was detected with fluorescein isothiocyanate (FITC) and the two other probes with Rhodamine. Digoxigenin-Rhodamine detection was performed at 37 o C using consecutive 30 min incubations in Rhodamine-sheep anti-digoxigenin, rabbit anti-sheep, and Rhodamine-anti-rabbit antibodies (Oncor's Digoxigenin-Rhodamine Detection Kit). Digoxigenin-FITC detection used FITC-avidin and biotinylated anti-avidin antibodies (Oncor Digoxigenin-FITC Detection Kit). Finally, slides were washed in PBS, dehydrated in an ethanol series, air dried, and counterstained with DAPI in Vectashield Mounting Medium (Vector Laboratories).
The slides were examined in an Olympus BX60 microscope using single interference filter sets of red (Texas red), green (FITC), blue (DAPI), dual (red/green), and triple (blue/ red/green) band-pass filters. For documentation, gray scale images for single color signals were captured using a cooled CCD camera (SenSys, Photometrics, Tucson, AZ), and were pseudocolored and merged using a Quips XL Genetics Workstation (Vysis, Inc.).
RESULTS
GTG-banding analysis of the patient's chromosomes revealed one small supernumerary chromosome in 20 cells scored, and the patient's karyotype was designated 47,XX,+mar ( Figure 1A-B) . This extra chromosome was acrocentric and, as was revealed by NOR-banding, showed satellites only at the ends of the long arm ( Figure 1C) . The CBG-banding highlighted the primary constriction plus an extra region at the end of the long arm, which appeared to be an inactive centromere (Figure1D). GTGbanding karyotypes of both parents were normal.
At least 30 metaphases were scored in each FISH assay and the results are illustrated in Figure 2 . Preparations hybridized with probes D15Z1, D15S11/PML, and GABRB3/PML exhibited the expected signals in both copies of normal chromosome 15. The extra chromosome was demonstrated to be der (15) , and displayed a bright centromeric signal and a signal at the distal region of the long arm in both chromatids when hybridized with the D15Z1 probe (Fig 2A) . This chromosome also exhibited two closely located fluorescent signals near the centromere in the hybridization assays with probes D15S11 (Fig 2B) and GABRB3, (Fig 2C) , the signals being located in a faint DAPI band between the two centromeric signals, indicating that the der(15) chromosome has segment 15q11-q13 duplicated and that the karyotype of the patient is 47,XX,+mar.ish der(15) (D15Z1++, D15S11++,GABRB3++, PML-).
DISCUSSION
Although a variety of chromosomal anomalies have been described in individuals with autistic disorder 9, 11, 17 , the occurrence of extra copies of 15q11-q13 has been the one most frequently reported. Despite the great clinical variation amongst autistic patients with additional copies of the proximal region of 15q, our patient shared features such as mental retardation, hyperactivity, epicanthal folds, high-arched palate, kyphosis, and strabismus with another cases. Spontaneous abortion in the family, as observed in the present case, was also previously reported 6, 7 . The number of additional copies of this region and the extent of the duplicated region are some of the major factors tentatively associated with clinical severity in these patients. In most cases, including the patient reported here, an inverted duplication [inv dup(15)(pter-q13)] in an additional chromosome was responsible for the tetrasomy of this region 6, 7, 9, 14 . In a smaller number of cases this region was found in trisomy 4, 8, 9 . Trisomic patients usually displayed a milder phenotype while tetrasomic patients have more severe clinical features 4, 5, 13, 14 .
A considerable heterogeneity in size, shape, and molecular composition of the 15q proximal region was observed in the derivative chromosomes. Despite this, it is suggested that more severe features such as mental retardation and autistic behavior are associated with a longer extension of the duplication 5, 6 . The der (15) found in the present patient is similar to the derivatives classified as type 3 in Cheng et al. 5 and as type 1 in Crolla et al. 6 , which correspond to bi-satellited, dicentric marker with inv dup(15), including two additional copies of all loci extending from the centromere distal to D15S12, differing only in the presence of a single satellite at the end of the long arm.
Another factor that may play a role in the phenotypic variability reported in the literature is the parental origin of the extra chromosome. A large number of 15q11-q13 rearrangements of autistic patients which were evaluated for their parental origin were identified as maternally derived 6, 8, 10, 12, 13 . However, in this work is not possible to establish the parental origin of the extra chromosome. In a informative family, Cook et al. 8 observed that paternally inherited duplications of 15q11-q13 led to a normal phenotype, whereas maternally inherited duplications led to typical or atypical autism. These findings suggest an important role for genetic imprinting in susceptibility to autism, which is not unexpected since the 15q11-q13 region is known to be critically imprinted in humans. Both paternal and maternal copies of this region are required for normal development, with loss of the paternal contribution leading to PWS and loss of the maternal contribution resulting in the AS phenotypes 13 . Surprisingly, Mohandas et al. 18 reported a paternally derived de novo interstitial duplication of the proximal 15q containing the PWS/AS critical region in a patient with developmental delay, which raises the question as to whether or not all paternal duplications are benign with respect to phenotype. Mohandas et al. 18 hypothesized that the breakpoints generating the 15q duplications, although clustered in the proximal 15q, may vary at the molecular level resulting in dosage changes for a different set of genes. It is also possible that the clinical findings in this patient may not be causally related to the duplication.
A number of genes potentially related to autism have been mapped at 15q11-q13. These genes include the pigmentation gene P, which is suggested to be related with the hypomelanosis of Ito 19 , the ubiquitin-protein ligase (UBE3A) that is responsible for AS 20 , and the three GABA A receptor subunits, GABRB3 21 , GABRA5 22 and GABRG3 23 . GABA is the major inhibitory neurotransmitter in the mammalian brain with synaptically released GABA activating receptors which open chloride-permeable ion channels and inhibit the electrical activity of the neuron, thus making it less responsive to an excitatory input 24 . Previous studies indicated a role for GABA in the suppression of seizure activity and defects in GABA receptor function in the brain might be expected to produce seizures, uncontrolled behavior, and disorders of movement, all effects related with suppression of b3 subunit gene expression 21 . Wagner et al. 25 reported that GABA can also act as an excitatory transmitter and can excite mature neurons in the suprachiasmatic nucleus of the hypothalamus. It acts as an inhibitory neurotransmitter at night and an excitatory neurotransmitter during the day. This dual effect, which is mediated by GABA receptors, may be attributed to a diurnal oscillation in intracellular chloride concentration. Therefore, it is conceivable that an excess of GABA receptors could lead to behavioral problems such as hyperactivity and to epilepsy. Whether the GABA receptor gene is causally related to autism is not yet clear, and the duplicated chromosomal segment notably includes several other genes. However, Cook et al. 26 screened nine loci on the 15q11-q13 region for linkage disequilibrium with autistic disorder, and linkage disequilibrium was found only affecting GABRB3 155CA-2 locus, pointing to this gene as a causative candidate gene for autistic disorder.
The currently available data underline the necessity of searching for chromosome 15q11-q13 abnormalities in patients with autism, and support the molecular analysis of this region as an approach to the clarifycation of the etiology of this disorder.
